The prevalence of obesity, defined as a body mass index (BMI) of greater than 30 kg/m 2 , has increased dramatically in the last several decades. 1,2 Approximately one-third of reproductive age women in the United States are obese, and more than half of pregnant women are overweight or obese.
the last several decades.
1,2 Approximately one-third of reproductive age women in the United States are obese, and more than half of pregnant women are overweight or obese. 3 As a result of this trend, the care of pregnant obese woman has become an important yet challenging area for improvement in obstetrics. During pregnancy, obese women are at an increased risk of a variety of adverse outcomes including pregnancy-related hypertension, gestational diabetes mellitus (GDM), growth restriction, and cesarean delivery. [4] [5] [6] [7] [8] [9] [10] [11] When compared with their normal weight counterparts, obese women are also more likely to be delivered through cesarean section and experience more postoperative morbidity.
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Multiple studies have demonstrated that pregnancyrelated risks are compounded by excess weight gain in pregnancy. 15, 16 In an effort to encourage healthy weight gain, the Institute of Medicine (IOM) released revised guidelines in 2009 for weight gain in pregnancy across all BMI classes. 17 Truong et al demonstrated that those women who gained an excess of 20 pounds beyond the recommended upper limit suffered worse maternal and neonatal outcomes during their pregnancy.
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Abstract
Objective To examine the change in body mass index (BMI) categories between pregnancies and its effect on adverse pregnancy outcomes. Study Design We performed a retrospective cohort study of women with two consecutive deliveries from 2005 to 2010. Analysis was limited to women with BMI recorded at <24 weeks for both pregnancies. Standard BMI categories were used. Adverse pregnancy outcomes included preterm birth at <37 weeks, intrauterine growth restriction (IUGR), pregnancy-related hypertension, and gestational diabetes mellitus (GDM). Women with increased BMI category between pregnancies were compared with those who remained in the same BMI category. Results In total, 537 women were included, of whom 125 (23%) increased BMI category. There was no association between increase in BMI category and risk of preterm birth, IUGR, or pregnancy-related hypertension. Women who increased BMI category had an increased odds of GDM compared with women who remained in the same BMI category (6.4 vs. 2.2%; p ¼ 0.018). The increased risk remained after controlling for age, history of GDM, and starting BMI (adjusted odds ratio: 8.2; 95% confidence interval: 2.1-32.7; p ¼ 0.003). Conclusion Almost one-quarter of women increased BMI categories between pregnancies. This modifiable risk factor has a significant impact on the risk of GDM.
Kabiru and Raynor evaluated change in BMI category during a single pregnancy in 5,100 women and found an increased risk of GDM, cesarean section, and preeclampsia.
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Data are limited on change in BMI categories between pregnancies and their impact, if any, on subsequent pregnancy outcomes.
Therefore, the objectives of this study were to (1) examine the distribution of change in BMI category between two pregnancies and (2) characterize the effect of an increase in BMI category on adverse pregnancy outcomes in a subsequent pregnancy with the hypothesis that an increase in BMI category would be associated with an increase in adverse pregnancy outcomes.
Methods
This was a planned secondary analysis of a large retrospective cohort study of women with two consecutive deliveries at the Hospital of the University of Pennsylvania during 2005 to 2010. 20 This study uses this cohort to evaluate changes in BMI category between pregnancies and their impact on adverse pregnancy outcomes and mode of delivery in a subsequent pregnancy. Approval from the Institutional Review Board was obtained prior to the initiation of the study. Our analysis was restricted to women with a term singleton gestation in the index pregnancy and subsequent delivery at 16 weeks' gestation. The first pregnancy in the study period was called the index pregnancy and may not equate to the woman's first pregnancy. The second consecutive pregnancy with delivery at 16 weeks was considered to be the subsequent pregnancy. Women were excluded from this study if they had no BMI recorded at <24 weeks for either the index or subsequent pregnancy. BMI was calculated based on weight measured at the first prenatal visit and patient-reported height defined according to the IOM BMI categories: normal weight, 18.5-24.9 kg/m 2 ; overweight, 25-29.9 kg/m 2 ; obese, 30-40 kg/m 2 ; and morbidly obese, >40 kg/m 2 . The proportion of underweight women in our population was 3%; these women were excluded from further analyses due to low prevalence. Our primary objectives were to (1) evaluate the distribution of change in BMI categories between two pregnancies and (2) determine the effect of an increase in BMI category on adverse pregnancy outcomes in a subsequent pregnancy. Adverse pregnancy outcomes that were evaluated in the subsequent pregnancy included preterm birth (medically indicated or spontaneous preterm birth at <37 weeks' gestation), pregnancy-related hypertension, which included gestational hypertension and preeclampsia (defined by the Task Force on Hypertension in Pregnancy), 21 fetal growth restriction (defined by birth weight < 10 percentile), and GDM (diagnosed based on the Carpenter-Coustan criteria for the 3-hour glucose tolerance test). Women with pre-GDM were excluded from the outcome analysis for GDM. We also evaluated the mode of delivery in the second pregnancy and the rate of macrosomia (defined as birth weight > 4,000 g). Women who increased BMI categories between pregnancies were compared with those who remained in the same BMI category, regardless of their BMI in the index pregnancy. Associations between categorical variables were calculated using chi-square tests. Histograms were used to assess normality of the data. Student's t-tests and Mann-Whitney U-tests were used to compare continuous data, where appropriate. Multivariable logistic regression was used to calculate odds ratios (ORs) and control for confounders. Confounders were determined by association with exposure and outcome at a level of significance of p < 0.1. Backward stepwise elimination was used to create a comprehensive multivariable model. Data analysis was performed with STATA software (Version 12.0 for Windows, StataCorp, College Station, TX). Statistical significance was set at a p < 0.05. The sample size was fixed based on the parent study.
Results
There were 887 patients in the parent cohort. Of them, 350 women did not have a recorded BMI at <24 weeks in both pregnancies; therefore, 537 women met the inclusion criteria for this study. Overall, 23.3% of women in the study increased BMI category between pregnancies.
The demographic characteristics are displayed in ►Table 1 for the overall cohort and for women with and without an increase in the BMI category. Two-thirds of our study population was African-American, and the average BMI was 28 kg/m 2 . ►Fig. 1 shows the distribution of change in BMI category between the two pregnancies. The majority of normal weight women stayed within their BMI category. Of the 161 women who were overweight in the index pregnancy, 40% became obese, whereas only 6% became normal weight. Of the 116 obese women in the index pregnancy, 16% were morbidly obese in the subsequent pregnancy. Almost all (91%) of morbidly obese patients remained morbidly obese in their second pregnancy.
As seen in ►Table 1, women whose BMI was unchanged were significantly older than women whose BMI increased in their second pregnancy (29 vs. 26 years; p ¼ 0.0002). There were no differences in race, parity, medical comorbidities, or interpregnancy interval between the groups (p ¼ 0.21).
►Table 2 demonstrates the association between increased BMI and adverse pregnancy outcomes. There was no increased risk of preterm birth, IUGR, or pregnancy-related hypertension in women whose BMI category increased between pregnancies compared with those women whose BMI was unchanged, nor was there a difference in the rate of macrosomia. There was, however, an increased risk of GDM among women who increased BMI category ( When evaluating the mode of delivery in the subsequent pregnancy, there was no statistical difference in the rate of cesarean section between women who did and those did not increase BMI category when controlling for cesarean in the index pregnancy (aOR: 0.58; 95% CI: 0.3-1.1; p ¼ 0.09).
Discussion
Our study demonstrates that almost 25% of women increased their BMI category between pregnancies, and 40% of overweight women become obese. This increase in BMI category is associated with an increased risk of GDM without an identifiable increased risk of pregnancy-related hypertension, preterm birth, intrauterine growth restriction, or macrosomia.
Pregnancy is a time of relatively rapid weight gain in a woman's life. Excess weight gain in pregnancy has been associated with multiple adverse outcomes. To date, however, there has been only one study examining weight gain in the context of changes in BMI category. 19 This was a retrospective study evaluating change in BMI category during pregnancy rather than the change in BMI categories between pregnancies, which is what we evaluated. We found an association between GDM and women who increased their BMI category between pregnancies, which is similar to prior studies evaluating interpregnancy BMI and weight changes as a continuous variable. [22] [23] [24] [25] [26] [27] [28] Contrary to these studies, however, we did not find an increased risk of pregnancy-related hypertension, preterm birth, or growth restriction. We also did not find an increase in BMI to be protective against small for gestational age in contrast to a large cohort study by Cheng et al. 29 This may be secondary to the small sample size or our examination of BMI change as a categorical rather than continuous change. However, there may also be other explanations for why we did not see a difference in the other adverse pregnancy outcomes. As over half of our population started their index pregnancy overweight or obese, it is possible that further increase in weight did not significantly increase their baseline elevated risk. It is also plausible that the interpregnancy interval between these pregnancies was not long enough for maternal physiology to change significantly enough to impact the health of the pregnancy in the same way as it does in a woman whose BMI has been high throughout her adult life. Lastly, the women who did not change BMI category in this study were significantly older than those women who did change BMI category; it is possible that age-related risks outweighed any weight-related changes. This study has several strengths and limitations. While a large number of women had missing data, the majority of women from the original cohort (60%) did have a recorded BMI at <24 weeks in both pregnancies. The exact impact that this missing data has on our results is unclear; however, restricting the BMI to <24 weeks is important as it limits the impact that weight gain in pregnancy itself has on adverse pregnancy outcomes. While the high percentage of AfricanAmerican women makes it less generalizable to other populations, this is an important group of women to study due to their high risk of pregnancy complications. Lastly, due to the fixed sample size, we may not have been powered to detect differences in individual adverse outcomes; it is, therefore, possible that some of our negative results are due to Type II error.
This study confirms that a significant proportion of women increase BMI category between pregnancies, and this increase in BMI category is associated with a higher risk of GDM. Given the high prevalence of GDM and its association with maternal and neonatal morbidity, attention should be paid to interpregnancy changes in BMI category, a modifiable risk factor. Efforts to curb excess pregnancy weight gain as recommended by the IOM may decrease postpartum weight retention, thereby decreasing the rates of GDM and improving long-term health outcomes for women in the future. 
